The long-term course of schizophrenia is often characterized by relapses, induced by poor medication adherence. Early nonadherence after discharge is frequent. Objective: To evaluate a skills-based inpatient training program for medication intake. Methods: We developed a manual-based inpatient medication training program to be carried out by nurses and focusing on practical skills enabling autonomous intake of medication. Medication adherence was measured by three different methods: pill count, determination of serum levels, and self-assessment by the patient. The raters were blinded. Results: Four weeks after discharge, 98% of the patients in the intervention group (N=52) were rated as adherent by pill count versus 76% in the control group (N=50; P0.01). By measurement of serum level, 88.5% versus 70% were adherent (P0.05).
Introduction
Schizophrenia is a common psychiatric disorder 1 that is often complicated by recurring relapses. 2 Thus, schizophrenia places a substantial burden on patients, their relatives, and health systems. 3 Pharmacotherapy is crucial in the acute phase of the disorder and for the prevention of relapse. 4 Every relapse can worsen the course of the disease; for example, by prolonging the time to remission 5 or by further impairment of cognitive functioning, 6 and even loss of brain tissue. 7 Nonadherence is the most important reason for relapses in schizophrenia and schizoaffective disorders. 8, 9 Conversely, there is evidence that good adherence to medication and other therapies decreases relapses and rehospitalizations. 10, 11 Continuous antipsychotic maintenance therapy is therefore considered highly important. According to the World Health Organization, nonadherence is a common phenomenon, concerning approximately 50% of chronically ill people. 12 Medication nonadherence is one of the strongest social factors affecting medical outcomes. 13 "Compliance" describes the degree to which a patient correctly follows medical advice, and "adherence" means the extent to which a patient continues an agreed treatment. As suggested by Haynes et al 14 we use these terms synonymously.
Several studies and reviews focus on nonadherence in patients with schizophrenic disorders, using oral antipsychotic maintenance therapy. 15, 16 Various factors for nonadherence have been discussed: 14, 15 insufficient knowledge of the disorder and its treatment, lack of insight into the illness, and deficient communication between inpatient submit your manuscript | www.dovepress.com
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schirmer et al units and community mental health workers. Interventions targeting the improvement of adherence in patients with schizophrenic disorders are therefore heterogeneous. 17 Currently used techniques to improve patients' adherence nearly exclusively use cognitive-behavioral or psychoeducative approaches. 18, 19 Their approaches generally follow the main reasons for nonadherence established by Lacro et al. 15 Nearly all programs focus on a modification of attitudes and cognitive aspects to enhance adherence by the improvement of information and insight. Yet insight into the illness and adherence are only moderately associated. 20 A considerable percentage of about 25% of patients discontinue their medication within the first week after discharge from inpatient treatment. 21 Thus, the loss of adherence is by far the biggest at the interface of inpatient and early outpatient treatment. Hence, to address the problem of early nonadherence, we developed an inpatient training program for practical skills with regard to medication. The patients should be enabled to recognize their medication and to organize its intake autonomously in full self-responsibility.
This kind of intervention has rarely been described and investigated to our knowledge. Boczkowski et al 22 tested a therapy program in a randomized controlled trial with 36 patients, using behavioral strategies to improve adherence to medication in patients with schizophrenia. The patients treated with cognitive-behavioral strategies showed better medication adherence than the patients receiving psychoeducation or the control group. Liberman et al 23 evaluated a behavioral program for patients with schizophrenia in the United States. In this study, patients received 12 hours of training weekly over the course of 6 months, as well as 18 months of case management in their community setting. The patients showed a significant improvement in "social and independent living skills."
So far, to our knowledge, no prospective controlled study evaluating a skills-based training program for patients with psychotic disorders with a sufficient number of patients has been conducted. The objective of our study was to test whether the rate of early nonadherence could be decreased by the introduction of a newly developed skills-based medication training program.
Methods
study design
The study was a randomized controlled trial in three centers, using an intervention group and a control group. It was conducted in accordance with the Declaration of Helsinki. The study protocol, information brochure, and informed consent were approved by the Medical Ethics Committee of the University of Ulm. Recruitment was carried out from October 2008 to September 2010 in the Centres for Psychiatry in Zwiefalten and Weissenau and the Clinic for Psychiatry in Reutlingen in the south of Germany.
inclusion/exclusion criteria
Inclusion criteria were voluntary, written, informed consent; diagnosis of schizophrenia (International Statistical Classification of Diseases and Related Health Problems, 10th Revision: F20.x) or schizoaffective disorder (F25.x); age 18-60 years; reachability for home visits; no earlier participation in such a training program; and outpatient visits for antipsychotic maintenance treatment after discharge.
Exclusion criteria were admission for crisis intervention (short stay), absence of written informed consent, high probability that support would be needed for medication intake over a longer period of time (eg, patient in a residential home in which medication is controlled by staff), and monotherapy with depot antipsychotics. Patients who attended the program for less than 12 days were excluded because this was the shortest period in which level 4, the highest level of the training program could be achieved.
sample size/power
To calculate the required patient sample, we assumed that, in line with the literature, about 25% of the treated patients 20 would stop taking medication against medical advice within 14 days. The aim of the intervention was a significant reduction of noncompliant patients. A decrease of about one-third, that is, to a level of 17%, was assumed as a clinically significant reduction. The confirmation of such an effect would require a sample of N=174, with a statistical power of 80% on a level of significance of P0.05.
randomization and blinding
Randomization was carried out with a computer-generated restrictive randomization list for all three participating hospitals. The software RandList, Version 1.2, was created by DataInf GmbH, Tuebingen. The study was financed by the Centre for Psychiatry, South-Württemberg. Recruitment took place between October 2008 and September 2010. The course of participation in this randomized controlled trial was documented according to the recommendations of the CONSORT (Consolidated Standard of Reporting Trials) group. 24 To ensure similarity of all other treatment conditions, patients of the intervention group and control group were treated on the same wards by the same doctors, with routine clinical treatment.
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The study workers who conducted the interviews were blinded with regard to the intervention. To ensure consistency, only three different nurses visited the patients at home. The interviews and the data collection were based on an interview manual developed for this purpose. The clinical experts who rated the adherence by means of the serum levels of antipsychotics were also blinded with regard to allocation to the intervention or control group. Severity of illness was measured using the Clinical Global Impression Scale-Severity.
Training program
Patients should know their prescribed medication; that is, the names of the substances, the packages, the doses, the required schedule for medication intake, and that they should learn to prepare their weekly medication in advance in a weekly dispenser containing the prescribed pills in separate compartments for each time of intake. A training manual was developed, describing four levels of autonomy in the use of medication and the required skills. For each level, the objectives of the training were defined. The training program is conducted in one-to-one lessons with skilled nurses. Patients should learn to prepare their medication by themselves during the hospital stay in the same way they are expected to do it autonomously after discharge. The patients are informed using an educational approach: color, shape, and name of the pills; operating mode of the dispenser they are given; and other technical aspects. The preparation of the medication follows a plan, describing all necessary steps and the criteria for an upgrade to the next level or, if problems occur, a downgrade. Level 1 focuses on the scheduled intake of medication; level 2 covers the arrangement of the next day's medication coached by a nurse; in level 3, the dispenser is located in the patient's room, and the next day's medication is arranged without help by the patient; and in level 4, the patient arranges the medication for 1 week in a dispenser, which remains in the patient's room in a locked cupboard. With every level, requirements get more complex. The training takes place in a low-stimulus room in one-to-one lessons. It is divided into small steps comprising demonstration, supporting lessons, and autonomous, structured lessons as the patients advance.
The participating nurses were instructed in the use of the training manual in a 1-day course.
The patients in the control group received nonspecific one-to-one nursing activities for a comparable amount of time. To approximate the attention by nurses in the control and the intervention group, the total time for the intervention group was estimated. We estimated 3-5 minutes of attention per patient and day. The average duration of inpatient treatment for patients with a schizophrenic or schizoaffective disorder in 2007 was 40 days (40 days ×4 minutes =160 minutes/patient). A further 20 minutes were added for the introductory information, so that the patients in the control group received 180 minutes of additional unspecified one-toone nursing care with no relation to the medication.
Measurement of adherence
Several instruments to measure adherence to medication intake exist. 17 The "expert consensus guideline 12 assessing compliance" recommends five strategies 25 : asking a relative or caregiver, asking the patient, pill count, blood levels, and a self-rating scale for compliance. For this study, three strategies were chosen.
Pill count
The number of available pills in the patient's administration at discharge (t 1 ) and the number of available pills at the time of the home visit (t 2 ) were counted, and the difference was compared with the expected total intake, according to the prescribed dose. The adherence was evaluated according to the "levels of compliance." 26 Patients who had taken more than 75% of their medication were rated as adherent, patients who had taken more than 35%-75% of their medication were rated as partly adherent, and patients who had taken less than 35% of their medication were rated as nonadherent.
Measurement of the serum levels of the antipsychotic medication
One blood sample was taken close to the time of discharge (t 1 ), at least 3 days after the last change of medication. The next sample was taken during the home visit (t 2 ). Analysis of the antipsychotic serum concentrations were conducted in a certified laboratory, following international standards. Two highly experienced experts (a psychiatrist and a pharmacologist) assessed the serum levels independently in terms of compliance, following therapeutic ranges given in a German consensus guideline. 27 Because no clear recommendations are available in terms of a cutoff in the literature, we decided in advance that a serum level at t 2 of 75% or more compared with the serum level at t 1 was classified as adherent. Patients with serum levels below 75% were classified as nonadherent. However, differences in the time span between taking the blood sample and last medication intake had to be considered individually, as well as changes of the prescribed dosage after discharge. In the case of differing opinions, the two 
All ratings referred to the prescribed antipsychotic, and in the case of combination therapy, to the one with the higher chlorpromazine-equivalent dosage.
self-rating of medication intake
During home visits, the patients were asked in form of a structured interview about their present medication and their habits with respect to preparation and intake. Finally, they were asked to indicate how often they had taken their medication during the last 7 days, using a four-point Likert scale: took all the pills, did not take the pills once a week, did not take the pills two to three times a week, or did not take the pills four to six times a week. To compare the different outcome measures, we divided the patients into two groups: those who indicated they had taken all pills were classified as adherent, and all other patients were classified as nonadherent.
Follow-up
Two follow-ups with home visits by study nurses were conducted, which included taking blood samples to determine the serum level of the antipsychotic medication. The first visit (t 1 ) took place shortly after discharge from hospital, and the second (t 2 ) 4 weeks after. The patients were visited at home after being given notice by telephone the day before. Blood samples were taken, pills were counted, and the patients were asked to self-assess their medication intake. For participating in the study, the patients received €15.
statistical analysis
The data sheets were numbered and anonymized. Data were entered into an Excel database and transferred to STATIS-TICA (StatSoft, Inc; STATISTICA for Windows, Version 8.0) to conduct statistical analysis.
To test the differences between the intervention and the control group, we performed t-tests for interval-scaled variables. These tests require samples taken from populations with a normal distribution and variance homogeneity of the groups. 28 The assumption of a normal distribution was verified using the Kolmogorov-Smirnov test. In the case of the assumption being breached we used the Mann-Whitney U-test. The variance homogeneity was tested by means of Levene's test. If there was no variance homogeneity, the degrees of freedom of the Student's t-test were corrected. 28 In the case of ordinal-scaled variables, we tested differences in the central tendency by means of the MannWhitney U-test. Assuming equal distribution patterns of the underlying populations, this test only responds to differences in the central tendency. Even when the underlying populations do not show an equal distribution pattern, the test mainly responds to differences in the central tendency. 29 For dichotomous or polytomous variables, we used the chi-square test. This test requires expected cell numbers greater than 5. For a small sample size (N20), the chi-square test has to be replaced by Fisher's exact test. 30 interim analysis/termination of the study An early termination of the study was fixed in advance, in case of a clear effect in favor of one of the groups. In September 2010, the interim analysis was carried out as a result of the study plan. At that time, 141 patients were enrolled and randomized. One hundred and two patients could be included in the analysis (see Results section and Figure 1 ). The recruitment was stopped at that time because of a clear effect in favor of the study group.
Results
A total of 442 patients were screened for participation in the study; 218 of the screened patients were excluded following the exclusion criteria, 167 of them because of intramuscular depot medication.
Another 13 patients were excluded because they discontinued the therapy, were transferred to a different hospital, or were discharged before they had signed the informed consent (n=9). Four patients had to be excluded because of homelessness.
In total, 211 patients were informed about the study and asked for a written informed consent, of whom 70 patients refused to participate. Reasons for the refusal were rejection of home visits (n=20), feeling of inability to meet demands of the training program (n=12), no declaration of reasons (n=12), refusal to take any medication (n=8), and other subjective reasons (n=18). The remaining 141 participants were randomized either into the intervention group (n=70) or the control group (n=71).
After having signed the informed consent before being discharged from inpatient treatment, 25 patients had to be excluded from the study because of incomplete data records or other exclusion criteria, including 12 patients from the intervention group and 13 from the control group. Another 14 patients were excluded from the study as a result of the home visit. Data from 102 patients could be analyzed (Figure 1) . The drop-out rates did not differ significantly between the intervention group (25.7%) and the control group (29.6%).
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Patient characteristics
There were no differences between the intervention group and the control group with respect to sex, age, housing, education, native language, diagnosis, and severity of symptoms ( Table 1 ). The patients in the intervention group showed a tendency to stay longer, had more previous admissions, and were more often switched to a generic drug after discharge than the patients in the control group. With regard to the number of prescribed drugs, the type of antipsychotic medication, modification in dosage after discharge from hospital, prior attendance of psychoeducation groups, and use of community mental health services after discharge, we likewise found no differences between the two groups (results not reported in detail).
Achievement of training levels
All 52 patients in the intervention group achieved at least level 2. At the time of discharge, 34 patients (65.4%) had reached only level 2, 11 patients (21.1%) reached level 3, and 7 patients (13.5%) reached level 4 ( Table 2 ). The mean duration of participation in the training program was 49.3 days, and the median was 42.5 days. The number of training days ranged between 15 and 241.
During their hospital stay, 48 patients were not downgraded. Overall, three patients were downgraded once, and one patient a second time. The control group consisted of 50 patients. All received unspecified nursing care for at least 3 hours.
rating of adherence
After discharge from inpatient treatment, pill count showed that 95.2% (mean) of the prescribed medication had been taken from the dispenser by the 52 patients in the intervention group. In the control group, 86.9% (mean) of the prescribed medication had been taken. Thus, the pill count revealed a significant difference between both groups (Mann-Whitney U=844; P=0.002; Figure 2 ). In total, eight patients, five of them in the control group, had taken more medication than prescribed.
In terms of the classification into three degrees of adherence (adherent, partly adherent, nonadherent), 51 patients (98.1%) from the intervention group and 38 patients (76.0%) from the control group were rated as adherent. None of the patients in the intervention group were classified as partly adherent, whereas nine patients in the control group met the criteria. One patient in the intervention group was nonadherent versus three patients in the control group. The difference was significant (P=0.003) in favor of the intervention group.
The assessment of adherence by means of the plasma serum levels of antipsychotics was conducted by two independent and blinded raters. In a dichotomous approach (adherent versus nonadherent patients), 46 patients (88.5%) from the intervention group and 35 patients (70.0%) from the control group were classified as adherent. In contrast, six patients (11.5%) from the intervention group and 15 patients (30.0%) from the control group were classified as nonadherent. The difference between both groups was statistically significant (P=0.02) in favor of the intervention group.
In the self-rating by the patients on their intake of antipsychotics in the previous 7 days, 48 patients (92.3%) from the intervention group and 42 patients (84.0%) from the control group stated that they had taken their medication "as prescribed." The difference did not reach significance (χ 2 =4,86, df=3, P=0.18).
correlation between the main outcome measures
There was a highly significant correlation between the results of the pill count and serum level methods with regard to the dichotomous outcome adherent/nonadherent (P0.001): 75% of the patients rated as nonadherent by means of pill 
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Medication training program for patients with schizophrenic disorders count were also rated as nonadherent by serum blood levels, and 85.4% of the patients rated as adherent by means of the pill count were also rated as adherent by blood serum levels (phi=0.40, kappa=0.25, P0.001).
Comparing the ratings of adherence by pill count and self-assessment, there was a significant correlation by trend (P=0.06): 75% of the patients rated as nonadherent in the pill count were also rated as nonadherent in the self-assessment, and 74.2% of those rated as adherent by the pill count were also rated as adherent in the self-assessment (phi=0.23, kappa=0.14, P0.05).
Rating of adherence by blood serum levels and selfassessment showed no significant correlation: 33.3% of the patients rated as nonadherent by blood serum levels were also rated as nonadherent by self-assessment, and 71.6% of the patients rated as adherent by blood serum levels were also rated as adherent by self-assessment (phi=0.04, kappa=0.04, not significant).
Discussion
To our knowledge, this is the first study to assess the influence of a standardized skills-based medication training program conducted by nursing staff on early medication nonadherence after hospital discharge in patients with schizophrenia. Pill count and blood serum levels showed that the training program effected a significant improvement in medication intake within the observation period of 32 days on average (median, 29 days): 98.1% of the patients in the intervention group were rated as adherent at this time versus 76.0% in the control group. In contrast to these objective measures, the self-rating by the patients as having taken the antipsychotics "as prescribed" did not differ significantly between the intervention group and the control group. This third method of evaluation yielded the highest level of adherence in the control group. This reflects the well-known tendency that patients retrospectively overestimate their adherence. 31, 32 However, it must be assumed that this tendency is represented in both groups to the same degree.
The number of adherent patients in the control group is in line with a large number of preceding reports. In the literature, the rate of nonadherence after 4-8 weeks is stated to be between 20% and 50%. [33] [34] [35] A more recent study showed nonadherence in 25% 7 days after discharge from hospital. 21 Comparable studies do not exist so far. Previous work in this field 22, 23 used insight-based approaches such as psychoeducation and aimed at a change of attitudes. In contrast, our approach basically aims at an increase of technical skills and tries to minimize the early loss of adherence to treatment at the interface between inpatient and outpatient treatment.
This study also reveals a highly significant correlation between the two outcome measures, pill count and serum levels of antipsychotics. In contrast, there was only a correlation by trend between self-rating and pill count and no correlation between self-rating and serum levels. Nearly 80% of the patients classified as nonadherent by at least one of the two other methods stated that they had taken their medication as prescribed. Our results confirm that self-ratings alone are not sufficient as an instrument for measuring adherence and should be complemented by other methods. However, each of the methods has its specific advantages and drawbacks, and thus the combination of several approaches as used in this case seems appropriate.
Taken together, this study shows that a standardized training program for medication intake carried out by nurses is an effective intervention to enhance early medication adherence in patients with schizophrenic or schizoaffective disorder after discharge. The practical training seems to facilitate the transfer of the patient into her/his home environment. Therefore, the training program can provide an important contribution to maintenance therapy and relapse prevention in patients with schizophrenic or schizoaffective disorder. This study has several limitations. First, it is limited to a rather short observation period of 32 days on average. The study focused on early nonadherence in the weeks after discharge, which at least in part may be caused by a lack of knowledge and skills. A follow-up for a longer time might be desirable, but was out of the focus of this study, and the method of pill-count used here probably would not provide valid results in the long-term because of the many confounding factors. Similarly, the method of blood level controls during home visits could be increasingly biased during repeated measures; for example, by nonadherent patients refusing consent to taking the blood samples. The differing time span between taking the blood sample and last medication intake is another critical point. Second, although the sample was drawn from an unselected population in clinical routine care and attrition rates were rather low, it must be assumed that, as in all studies of this kind, patients with very poor insight and poor adherence refused to participate, and thus were underrepresented in this study. Third, we discontinued the study before reaching the desirable sample size calculated in advance. This decision was made on ethical grounds because of the clear results in favor of the intervention, which was from that point on implemented for all patients in routine care. This is a typical problem of interim analysis that may weaken the results. Fourth, the control group and the intervention group differed with respect to the average length of inpatient treatment in spite of random allocation.
Conclusion
We consider training programs for mentally ill patients an effective way to pass back responsibility to the patients, and therefore increase their self-efficacy and autonomy. In addition, medication training programs increase medication adherence. This is very important with regard to the prevention of relapses, which worsen the course of a mental disorder. Such feasible interventions are needed in modern mental health systems emphasizing outpatient treatment.
